In this paper, the stability analysis of silicon carbide nanotube (SiCNT) has been investigated. Nanotubes has many advantages with its very high surface area, exceptional electrical conductivity and resistance to high temperature and external loads. Although nanotubes can be obtained without superfluous effort, it is not facile to achieve experimental analyzes due to demand of laboratory equipment with astronomical cost. To obtain critical buckling loads, both molecular dynamic (MD) method and ANSYS finite element software is used in current paper. LAMMPS (Large-scale Atomic/Molecular Massively Parallel Simulator) is used for calculating critical buckling load. Also, VMD (visual molecular dynamics) is used to visualize atoms in molecular dynamic analysis.
Introduction
The popularity of nanotube and nanomaterial research and usage has been dramatically raised with the understanding of its gigantic potential and advantages [1] [2] [3] . Nanomaterials such as graphene has attracted worldwide attention due to their superior material properties and almost unlimited usage areas such as aerospace, drug delivery, modern automotive technology, high efficiency computers, textile etc. [4] [5] [6] . The superiority of nanomaterials comes from its very high surface area, exceptional electrical conductivity and resistance to high temperature and external loads. Outstanding mechanical stiffness and tensile strength put nanomaterials forward to conventional engineering materials. The discovery of Carbon nanotube (CNT) has been composed as a revolutionary point for many areas. After CNT, new types of nanotubes with superior properties have been produced and used. Most used nanotubes in engineering is CNT, SiCNT, and boron nitride nanotube (BNNT). Improvement in material and usage of nano-sized materials such as graphene, silicone, CNT, SiCNT (silicon carbide nanotube), etc. resulted in smaller and more effective end products. Comparing nanotubes SiCNT is the one with the highest resistance to heat (1000 o C in air) and BNNT is the one with highest stiffness with Young modulus 1.8 TPa while CNT can resist temperature up to 600 o C in air and 1.0 TPa Young modulus. These limits guide researchers and engineers to specify which nanotube to use in different usage areas with different requirements. Because of astronomical cost in building a laboratory with sufficient equipment to perform stability analyzes in nano-size, many computational mechanic methods have been used to make analyzes possible with much lower cost [7] .
FEM Analysis using ANSYS
The history of finite element method dates back to 1942. Any material in nature eventuate from multiple atoms coming together in a certain order. For SiCNT, these atoms are silicon and carbon atoms bonding in hexagonal shape with 2.29 Å bond length. Finite element method based on modeling the structure by meshing in smaller parts. Results are more satisfactory with finer meshing. In figure 1 the real structure of SiCNT is demonstrated at left side of figure with the finite element (meshed) model at the right side. Meshing is one of the major problem to obtain accurate results. Inaccurate meshing leads inaccurate results in software. As coarse meshing is an issue in meshing, very fine meshing can also end up with very long calculating and simulating period in software.
Fig. 1. Real and finite element model of SiCNT
As it can be seen from figure 1 , the finite element model used in ANSYS multiphysics consist of a simple tubular structure. SiCNT material properties was applied to the model to obtain critical buckling load.
MD Simulation using LAMMPS
Molecular dynamic is an effective and accurate tool to calculate the critical buckling load of nanotubes. LAMMPS open source software is used to perform molecular dynamic simulation. To model interatomic potential function many model has been used such as Tersoff, Tersoff-Brenner, AIREBO (Adaptive Intermolecular Reactive Empirical Bond Order). Models differs from each other in many ways. To illustrate, AIREBO potential is a multi-body force field which is developed for hydrocarbons and includes REBO, Lennard-Jones, torsional potentials as sub-components. Xu et al. [8] have demonstrated that AIREBO is able to predict wrinkling patterns in graphene sheets which can be observed in experimental analyzes [9] . Furthermore, Zheng et al. have demonstrated that AIREBO can also capture the hybridization state caused by the deformation-induced curvature [10] .
AIREBO potential can be expressed as follows [11] 
= ( ( , )) ( ( , * )) , ( , ) + (1 − ( ( , ))) , ( , ) 
here and are repulsive and attractive pairwise popentials. These potentials can be obtained by atom types and depends on the atomic distance. ( ) is universal switching function.
Fig. 1. Real and atomic model of SiCNT
To compare, continuum mechanical models of nanotubes can give accurate results by using size effective theories which take the size effect of nanotubes to improve results by differing the operating equations from classical models and theories [12, 13] .
Conclusion
Molecular dynamics simulation method has the advantage of defining every atom of nanotubes and interactions between these atoms. On the other hand, finite element software's are able to model solid or fluid and simulate many scenario leading to perform various analyzes in very short time. Although the speed and ease of finite element software's is attractive, software become insufficient when it comes to model the interaction between atoms. These issue lead to perform analyzes only on perfect (undamaged atoms and interactions) models while the freedom in molecular dynamic is infinite. In experiments which nanotubes are used, it is seen that nanotubes with atomic defects are existing in most experiments caused by limited fabrication technics which means that perfect nanotubes with perfect sequence and bonds is rare in practice. Consequently, although MD simulation has more complications in modeling and performing analyzes compared with finite element softwares, the method has the great advantage of modeling each atoms and bonds separately. This advantage leads to more accurate results.
